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Abstract: Significant errors when sampling from collection tanks installed at the lower end of soil erosion plots may
lead researchers toward wrong conclusions. Limited research has been found on sampling accuracy. In this study, a
cylindrical sampler is introduced as a new sampling device and its sampling accuracy is investigated and compared with
2 other manual methods, namely bottle and pipette. Three target sediment concentrations were prepared in separate
213.5-L collection tanks as 3 replications with 3 mixing periods. The results using the bottle and pipette in all mixing
periods and all target sediment concentrations showed that the concentration of sediment increases with the depth of
the tank, which implies that making a uniform sediment concentration in the collection tank for sampling is impossible.
The results indicated that the cylindrical sampler had the highest sampling efficiency of 88.68%. Computed sampling
efficiencies in tanks of 20, 40, 60, and 80 cm in depth were 34.76%, 43.94%, 54.45%, and 67.21% for the bottle and
34.58%, 43.05%, 49.20%, and 56.42% for the pipette, respectively. There was no significant difference between sampling
from the center and from the side of the collection tank and among mixing periods of 1, 2, and 5 min. In order to
maximize the accuracy of the sampling, a 10-L bucket was placed in the collection tank to trap the coarse material.
Weighing collected coarse material and adding the sampled part improved the accuracy by 9.45%. In fact, using a
cylindrical sampler and a bucket together resulted in 98.13% sampling accuracy.
Key words: Collection tank, cylindrical sampler, erosion plot, runoff, sediment

Introduction
The magnitude of human influence on natural
ecosystems usually ends with widespread
environmental problems such as soil erosion, floods,
and droughts that threaten human beings. The
prevention of soil erosion, which means reducing
the rate of soil erosion to approximately that which
would occur under natural conditions, relies on
selecting appropriate strategies for soil conservation
(Morgan 1979). Although it is impossible to stop soil
erosion completely under natural conditions, there is

a great need to control erosion for proper land and
water use planning. This requires awareness of soil
erosion and the ability to foresee changes such as in
land use. On a global scale, the annual loss of 7.5 ×
1010 t of soil costs the world about US$400 billion
per year, or approximately $70 per person per year
(Eswaran et al. 2001).
There are no official records on the amount of
soil erosion in Iran. Based on research done on
the suspended sediment data of more than 200
sampling stations around the country, average annual
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suspended sediment yield is reported to be 2 t ha–1 or
3.5 × 108 t (Arabkhedri 2003). Assuming a sediment
delivery ratio (SDR) of 17.1 to 21.6 (Ouyang and
Bartbolic 1997) and the amount of bed load to be
20% of the amount of suspended load, Nikkami et al.
(2009) computed the amount of soil erosion in Iran
to some 2 × 109 t (2.7% of the world’s soil loss). Each
year, 550 new dam reservoirs are built in Iran, from
which more than 200 Mm3 is filled by sedimentation
(Samadi Broujeni and Shamsaei 2007). Erosion has
also become an environmental problem (Ananda
and Herath 2003) and must be remedied for the
sake of clean air and water. Soil particles adsorb
pollutants such as pesticides, fertilizers, and different
industrial and municipal chemicals that are best kept
out of water by keeping the soil on the land (Foster
1988; Wanielista and Yousef 1992). Therefore, there
are economic, political, social, and environmental
consequences of both on-site and off-site damage
caused by soil erosion.
Conserving the soil and preventing soil loss
require research on soil erosion and sediment yield.
The simplest method for studying soil erosion is
to set up soil erosion plots (Mutchler et al. 1994).
Erosion plots provide a platform to investigate a
single factor while keeping other factors constant.
These plots are set up in a size of 1 m2 for studying
interrill erosion, with lengths of 11-198 m and widths
of 2-46 m for rill and interrill erosions (Toebes and
Ouryvaev 1970). Although advanced methods such
as photogrammetry (Cook and Valentine 1979)
and laser scanning (Flanagan et al. 1995) have been
applied in some research, bottle sampling of runoff
and sediment in collection tanks located at the
lower end of the plots is more common due to its
simplicity and cost-effectiveness. Usually, researchers
pay considerable attention to site selection and
construction of erosion plots, while the sampling
errors are not considered properly. In turbulent flow,
sediment particles stay suspended when vertical
velocity is larger than the particles’ falling velocity
(Bagnold 1966). Point sampling using standard
bottles is also done for sampling suspended load
in rivers (Blazejewski et al. 1995). Using bottles is
common when sampling from erosion plot tanks,
but they do not necessarily yield accurate results. The
use of a bottle sampler and a soil pipette to quickly
and accurately sample soil-water mixtures of known

sediment concentrations was tested by Lang (1992).
Both devices failed to adequately sample the soilwater mixtures, and so based on this research, these
sampling devices should not be used to estimate
sediment loads in runoff from soil-loss plots. Zobisch
et al. (1996) found significant sampling differences
among 5 field sampling staff. They noticed that the
depth of sampling, the velocity of mixing, and the
experience of the samplers were the most important
factors affecting the amount of error. Ciesiolka et al.
(2004) noticed that the commonly used method of
bottle sampling, involving a collection tank, agitation
of the water-sediment mixture, and then subsampling,
can lead to serious underestimation of total soil
loss. To minimize sampling error in a soil-water
mixture, a cylindrical runoff and sediment sampler
was made by the Soil Conservation and Watershed
Management Research Institute (SCWMRI) in Iran.
It takes a column of sample from the whole depth
of a collection tank. The aim of this research was to
compare the sampling accuracy of this sampler with
bottle and pipette sampling.
Materials and methods
Bottle sampling
Bottle sampling, one of the manual methods, is used
to take samples from collection tanks located at the
lower end of erosion plots. The volume of bottles
varies from 0.5 to 4 L based on their availability. As
is illustrated in Figure 1, in this research 4 bottles of
330 cm3 were installed on a vertical 120-cm metal bar
at a 30° angle and 20 cm away from each other. To
install each bottle, a 6-cm metal base was attached
to the vertical bar to support the bottle and an 8-cm
diameter metal semicircle that holds the bottle by a
spring was attached to the vertical bar 10 cm above
the metal base. When inserted in the tank to take
samples, the bottle caps were opened simultaneously
by using a rope that connected all the caps together.
Pipette sampling
Pipette sampling, the second manual method, was
used for sampling from the same levels as bottle
sampling (Figure 2). To collect the samples, 4 plastic
tubes with a 7-mm diameter were installed on a
120-cm wooden bar 20 cm apart. The end of each
tube was inserted in a 1-L bottle with its cap closed
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Opening bottle cap rope

Bottle with cork cap

Bottle holders

Bottle Vertical metal bar

Figure 1. Bottle sampler used in this research.

Wooden bar
Suction

4 -to-1 terminal

1-L bottle

Figure 2. Pipette sampler used in this research.

tightly. These bottles were also connected to a 4-to-1
terminal and then to an electric suction with the same
size tube. In this system, by inserting the wooden bar
into the tank and starting the suction, the samples are
collected from the specified depths of the tank into
the bottles.

Cylindrical sampler
The cylindrical sampler was designed to take a
column of runoff and sediment from erosion plot
tanks. As illustrated in Figures 3 and 4, this sampler
consists of 3 main parts:
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Figure 3. Cylindrical sampler used in this research.

120 cm
100 cm

6.5cm 5.0cm
Spanner
Central shaft
Ganged cylindrical unit

Base unit

Upper unit

Figure 4. Schema of the cylindrical sampler.

(a) A base unit and a central shaft. The base unit
consists of a 6.5-cm-round Plexiglas pan with a
5-cm diameter hole in the middle covered by a
thin layer of plastic. The central metal shaft, with
a height of 120 cm, is connected to the center of
the base unit and is wound in the other end to be
fastened by a wrench.
(b) A gauged cylindrical unit made of crystal
Plexiglas, which is 100 cm in height and 5 cm in
diameter. This unit is gauged to show the sample
volume and the height of the collected runoff in
the tank.
(c) An upper unit designed to fasten the 2 other
parts together after sampling. It is made of round
Plexiglas and a thin layer of plastic on its edge.

To do the sampling, the upper unit should be
removed and then, by holding the top of the central
shaft and pulling up on the gauged cylindrical
unit, the system is inserted into the tank. During
the insertion, it takes a column of sample from the
entire depth of the collection tank. When the whole
system is inserted, the gauged cylindrical unit should
be released to fit into the 5-cm-diameter hole of the
round Plexiglas pan of the base unit and fasten the
unit.
Sampling
Usually, a wooden stake is used to mix the runoff
and sediment in collection tanks. In this research, a
wooden shovel was used to keep a steady and uniform
mixing condition throughout the research, and the
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1-, 2-, and 5-min treatments were considered as the
mixing period treatments. To preserve similarity
in sediment characteristics of the plot projects,
sediments of bottomlands were collected from the
Sohrain-Gharacharian flood spreading station in
Zanjan Province, Iran, at which 18 plots were set up
and under investigation. The grain size distribution
of the collected soil consisted of 40% sand, 40% silt,
and 20% clay and was similar to the sediments of the
collection tanks. To have similar samples throughout
the tests, after completely mixing the soil, it was
uniformly spread on a flat surface to dry at room
temperature. Samples of 400, 1000, and 2000 g were
prepared to have sediment concentrations of 1.87,
4.68, and 9.36 g L–1 after mixing with 213.5 L of water.
The research was executed using the following steps.
First, for target concentrations of 1.87, 4.68,
and 9.36 g L–1, the contents of 3 tanks were stirred
clockwise with a wooden shovel at 1-, 2-, and 5-min
periods. Samples were taken with bottle, pipette, and
cylindrical samplers from the center and side of the
tanks. Having 1 concentration, 3 mixing periods, 2
sampling locations, and 3 replications, a total of 72,
72, and 18 samples were taken by bottle, pipette, and
cylindrical sampler, respectively. The difference in
the number of samples is due to taking a column of
the whole tank depth by cylindrical sampler instead
of 4 samples at every 20 cm of depth with the other
methods. For the bottle and pipette samples, 3
replications were mixed together before measuring
their sediment concentration. Considering the
volume of the samples, their sediment concentration
was measured by filtering them through 2.5-μm
paper, drying them in the oven, and then computing
their sampling error.
Second, the sediment concentration of 1.87 g
L–1 was prepared in a tank and the contents were
carried out in a tube to a 10-L bucket inside the main
collection tank. This system helped to trap coarse
materials in the bucket and overflow suspended
sediment in the tank, which was sampled using the
cylindrical sampler from the center of the tank.
This system was also examined in an actual
research plan implemented on the steep lands of the
Sohrain-Gharacharian research station, located 30
km northwest of the city of Zanjan in Iran, to study
the effect of plowing treatments on the volume of

surface runoff, soil loss, and crop yield. The 2 plowing
treatments of contour and along-the-slope were
compared on 3 slope classes of 0%-12%, 12%-20%,
and 20%-40% in triple replication and a randomized
complete block design in a regional wheat cropping
experiment and fallow conditions. The volume of
surface runoff and the amount of soil loss from the
18 plots were monitored in the tanks located at the
lower end of each plot.
Results
For the target concentration of 1.87 g L–1, the results
of sampling by bottle and pipette are shown in Table
1 and by cylindrical sampler in Tables 2 and 3. The
contents of Table 1 show that the sampling results were
underestimated. Analyzing the results by F-test with
a 99% confidence showed no significant difference
between bottle and pipette sampling results, between
center and side sampling, and among the 3 mixing
periods. Sampling efficiencies at depths of 20, 40, 60,
and 80 cm were 34.76%, 43.94%, 54.46%, and 67.29%
for bottle sampling and 34.58%, 43.05%, 49.20%, and
56.42% for pipette sampling. As indicated in Table
2, the sampling efficiency was 88.06% for center
sampling with the cylindrical sampler.
Based on the unacceptable results for the target
concentration of 1.87 g L–1 by bottle and pipette,
samplings for the concentrations of 4.68 and 9.36 g
L–1 were investigated with a cylindrical sampler, in the
centers of the collection tanks and with 1-min mixing
periods. Table 3 presents the sampling results of the
cylindrical sampler for the target concentrations of
4.68 and 9.36 g L–1. Average concentrations for the
cylindrical sampler were 3.84 and 8.98 g L–1 with
82.05% and 95.94% efficiency, respectively. The
computed mean error in all 3 concentrations was
11.32%, or 88.68% of sampling efficiency for the
cylindrical sampler. By using a bucket in the tank,
sampling was repeated 2 times and 3 samples were
taken each time (Table 4). Weighing the collected
coarse material in the bucket and adding the sampled
part led to an average concentration of 1.84 g L–1 with
a 98.13% total sampling efficiency and improved
the accuracy by 9.45%. As indicated in Table 4, the
bucket collected 1.33 g L–1 of 1.87 g L–1, i.e. 71.12%
of the target concentration. Monitoring runoff
and sediment resulting from rainfall on 18 erosion
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Table 1. Bottle and pipette sampling results at the target concentration of 1.87 g L–1.
Sampling method
Mixing
period
(min)

Sampling
location

SC1 (g L–1)
SE2 (%)

Bottle

Pipette

Depth of sampling (cm)

Depth of sampling3 (cm)

20

40

60

80

Avg4

20

40

60

80

Avg

SC

0.60

0.73

0.90

1.32

0.89

0.51

0.75

0.75

0.83

0.71

SE

32.09

39.04

48.13

70.59

47.59

27.27

40.11

40.11

44.39

37.97

SC

0.66

0.93

1.18

1.33

1.03

0.72

0.77

0.91

1.20

0.90

SE

35.29

49.73

63.10

71.12

55.08

38.50

41.18

48.66

64.17

48.13

SC

0.51

0.60

0.82

1.17

0.78

0.59

0.77

0.86

0.78

0.75

SE

27.27

32.09

43.85

62.57

41.71

31.55

41.18

45.99

41.71

40.11

SC

0.66

0.88

1.02

1.09

0.91

0.77

0.89

1.03

1.17

0.97

SE

35.29

47.06

54.55

58.29

48.66

41.18

47.59

55.08

62.57

51.87

SC

0.62

0.82

1.01

1.20

0.91

0.62

0.82

1.02

1.20

0.92

SE

33.16

43.85

54.01

64.17

48.66

33.16

43.85

54.55

64.17

49.20

SC

0.85

0.97

1.18

1.44

1.11

0.67

0.83

0.95

1.15

0.90

SE

45.46

51.87

63.10

77.01

59.36

35.83

44.39

50.80

61.50

48.13

Avg

SC

0.65

0.82

1.02

1.26

0.94

0.65

0.80

0.92

1.05

0.86

Avg

SE

34.76

43.94

54.45

67.29

50.18

34.58

43.05

49.20

56.42

45.90

Center
1
Side

Center
2
Side

Center
5
Side

1

Sediment Concentration, 2sampling efficiency, 3three replications of bottle and pipette samples were mixed together before measuring
their sediment concentration, 4average.

Table 2. Cylindrical sampler results at the target concentration of 1.87 g L–1.
1st
replication
Mixing period
(min)

1
2

3

Avg

2nd
replication

3rd
replication

SC1
(g L–1)

SE2
(%)

SC
(g L–1)

SE
(%)

SC
(g L–1)

SE
(%)

Avg3
Concentration
(g L–1)

Center

2.57

62.57

1.47

78.61

1.42

75.94

1.82

97.33

Side

1.13

60.43

1.09

58.29

1.12

59.89

1.11

59.36

Center

1.86

99.47

3.31

22.99

0.92

49.20

2.03

91.44

Side

1.21

64.71

1.78

95.19

1.16

62.03

1.38

73.80

Center

1.33

71.12

1.46

78.07

1.45

77.54

1.41

75.40

Side

1.29

68.98

1.21

64.71

1.31

70.05

1.27

67.91

Center

1.92

77.72

2.08

59.89

1.26

67.56

1.75

88.06

Side

1.21

64.71

1.36

72.73

1.20

63.99

1.25

67.02

Sampling
location

Avg
SE (%)

1

Sediment concentration, 2sampling efficiency, 3average.
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Table 3. Cylindrical sampler results at the target concentrations of 4.68 and 9.36 g L–1.
1st
replication

TC1
(g L–1)

1

2nd
replication

3rd
replication

Avg4 SC
(g L–1)

Avg SE
(%)

95.73

3.84

82.05

55.34

8.98

95.94

SC2
(g L–1)

SE3
(%)

SC
(g L–1)

SE
(%)

SC
(g L–1)

SE
(%)

4.68

3.86

82.48

3.17

67.74

4.48

9.36

9.10

97.22

12.67

64.64

5.18

Target concentration, 2sediment concentration, 3sampling efficiency, 4average.

Table 4. Cylindrical sampler results at the target concentration of 1.87 g L–1 using a bucket.

1

Sampling concentration
(g L–1)

Test
no.

Bucket
sediment
(g)

Bucket
concentration
(g L–1)

1st
replication

2nd
replication

3rd
replication

1

295.09

1.38

0.49

0.46

2

271.49

1.27

0.58

Avg

283.29

1.33

0.54

Avg

Total
concentration
(g L–1)

SE
(%)

0.47

0.47

1.85

98.93

0.52

0.55

0.55

1.82

97.33

0.49

0.51

0.51

1.84

98.13

1

Average.

plots of 1.8 × 22.1 m showed that 61%-74% of the
sediments were trapped by the buckets installed in
the tanks (Nikkami et al. 2008).
Discussion
The results of sampling by bottle and pipette show
that the sampling results were underestimated.
The reasons are mainly related to the sediment
concentration, which only consists of suspended
sediments and those that settle in the collection
tank. Secondly, the sampling procedure by bottle
and pipette takes about 9 s, which is enough time
for coarse materials to settle. As was emphatically
mentioned by Lang (1992), these sampling devices
should not be used to estimate sediment loads in
runoff from erosion plots. According to Ciesiolka
et al. (2004), the commonly used method involving
a collection tank, agitation of the water-sediment
mixture, and then bottle subsampling can lead to
serious underestimation of total soil loss. The grain

size distribution of sediments used in this research
was 40% sand, 40% silt, and 20% clay. Sampling
results by bottle and pipette in all mixing periods
showed that the concentration of sediment increases
with the depth of the tanks. This implies that
achieving a uniform sediment concentration in the
collection tank is impossible. The cylindrical sampler
had the most accurate results compared to the other
2 samplers because it takes a complete column of
runoff and sediment mixture through the depth of
the collection tank.
Usually, the most costly part of erosion research is
related to plot design, installation, and maintenance,
but one sampling device like a cylindrical sampler
is enough for an erosion research station with a low
number of plots. For this research, the cost of making
a cylindrical sampler from crystal Plexiglas with a
central metal shaft was about $30. Considering that
the design and installation of 18 erosion plots of 1.8 ×
22.1 m with galvanized iron plates for partitions and
a pair of 220-L tanks for each plot on hillsides of the
589
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Sohrain-Gharacharian research station cost $10,000
(Nikkami et al. 2008), it would not be a wise decision
to waste all of those resources by collecting inaccurate
data using poor sampling devices like bottles.
Placing a bucket in the tank to collect the coarse
materials and samples from the suspended part
increases the accuracy of the results. Monitoring of
the volume of surface runoff and the amount of soil
loss from erosion plots of the Sohrain-Gharacharian
research station by Nikkami et al. (2008) showed that
61%-74% of sediments were trapped by the buckets
installed in the tanks. Most of the trapped sediments
were coarse materials that settled very fast after

mixing in the tank. If they had not been separated
using the bucket, achieving a uniform sediment
concentration sample in the collection tank would
have been impossible.
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